
. 9 v J 
I 

P4 - 7534 

3 6 J -f-At 
r .H.AcpaHaCheB, p .B.,li;)KOJIOC, B.r .KapTaBeHKO 

BJOOIID1E 

H30TOflHHBAPHAHTHYX flAPHYX KOPPEnH~A 

HA CPE,ZJ;HEKBA,n;PA~HHE P~YCY 



P4 ~ 7534 

r .H.AcpaHacbes, P .B.,lJ;)KoJioc, B.r .KapTaseHKo 

BJOOIID1E 

H30TOfiHHBAPHAHTHYX nAPHYX KOPPEnHQHA - . .. 

HA CPEtUIEKBAWATWIHYE P~YCH 

. , 
Hanpaaneao a 11aaecTH.R AH CCCP '' 

06~.lRH\l1l!lU!i &HC'IITJT 
CC~ll!;iX HCC.1!3.1lOJmtmi 

6HGnl>'iOTEKA 



·-,... '·"··· 

~; 

C) 1973 06-.eOuHeHHWU UHCifU•YJt "JICJepHr.rx UCCAeCJ08aHUU Jly6Ha 

·t 
~·.? 

1. BBE,4EHHE 

H3BectHo, 'ITO ycpe.n:HeHHaH 3aBHCHMOCTL cpe.n:HeKBa.n:
paTH'IHLIX pa.n;HycoB /CKP I H.n;ep oT MaccoBoro 'IHcna HMeeT 
BH.D: -A ~; /1/ Me)K.n:y TeM :JKcnepHMeHTanLHa.ll HHcllop
MaU:H.II yKa3LIBaeT Ha HanH'IHe p11.n;a OTKnOHeHH-H (>T TaKOH 
3aBHCHMOCTH. HMeHHO, Ha6mo.n:aeTC11 CHCTeMaTH'IeCKOe 
yMeHLmeHHe ,CKP npH no.n:xo.n:e K MarH'IeCKHM .ll.n;paM. flpH
MepoM MO)KeT cny>i<HT~ noBe.n:eHHe CKP B · paiioHe qeTHO
'leTHLix H30TonoB \..a 12/ H B paiioHe Fe a. Ni /3,4/ . 

PaHee nonLITKH _ o6'LHCHeHHH TaKHx aHoManHii npe.n:npHHH
ManacL .D:BYMH nyTHMH. Bo-nepBLix, c noMOID:LIO o6ono'le'IHOH 
MonenH.TaxHe pacqeTLI /5-7/ He o6'LHCHHIOT xo.n:a CKP no 
H3oTonaM. Bo-BTOpLIX, B paMKax TeopHH xoHe'IHLIX cllepMH
cacTeM /8,9/ . K co)KaneHHio, ponL napHLIX xoppen.IIU:Hii 
B :JTHX pa6oTax oc.fanacL HeBLIHCHeHHoii. UenL HaCTO.IIID:eii 
pa60TLI COCTOHT BTOM, 'IT06LJ H3Y'IHTL BnH.IIHHe H30TOnH:H• 
:BapaaHTHoro cnapHBaHHH _ Ha CKP 11.n:ep. H.n:e.11 pac'leTOB 
OCHOBLIBaeTCH Ha TOM, 'ITO napHLie XoppenSIUHH:,pa3Ma3LIBa.ll 
rpaHan:y cltepMH, npHBO.D:HT x yBenH'IeHHIO CKP. llocxonLKY 
BKna.n: napHLIX ciln yMeHLmaeTCH no Mepe n~a6nH)KeHH.II . K 
3llMKHYTLIM o6onO'IKaM, ecTeCTBeHHO n~H 3TOM O)KH.IJ:aTL 
YMeHLmeHH.II CKP 11.n:ep. 

2. MET0,4 PACqETA 

Y'leT-Koppen.IIU:Hii npoBe.n:eH .B paMxax Mo.n:ena,nocTpoeH
Hoii .n;n.11 OnHCaHIJH KOpneKTHBHLIX CB()HCTB "napHLIX" Q+-
COCTOHHHH 11.n:ep /1 o ,I J I . " . 
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HanoMHHM ocuosu:L1e nono)KeHuJ{ucnonL3yeMoro MeTo

)J;a: · lJy)J;eM HCXO)J;HTL H3 MHKpOCKOnH'Ie·CKOH MO)J;enH JI)J;pa, 

yqHTLIBaiOmeii nHIUL napHLie OCTaTO'IHLie pHnLI •. ' ·. 

... Tax KaK B cpe)J;HHX .H nerKHX JI)J;pax H30CnBH .T .JIBnJI

eTCJI XOPOIIIBM KBaHTOBLIM 'IHCnOM, 3anBWeM raMBnLTOHHaH 

B H30TOIIliHBapBaHTHOM BH)J;e: 

H =.l: (£ - A ) N 
.s s s 

'G ! 
JL=O,±I 

A = l I . · 12 . . 1 [ + · + ] J = · 0 

JL -..,... v J s+ a a I 
~s , s s JL 

,+ + 
AJL=.(AJL) s=n,e,j 

A+ 
JL 

A 
JL 

/1/ 

~nJI onepaTopos pO)K)J;eHH.II /YHH'ITO)KeHH.II/ napw uyxno-

HOB [a+ a+) J• 0 
.S·S IJL 

J .. o 
( [ a a' ] I ) C yrJIOBLIM MOMeHTOM 

s s . JL 

J = 0 u .TpeTLeii ripoeKn:ueii H3ocnuua: .. Tz =· JL• onepaTopa 
. ' 

+ " 
qucna qacTBU: N s = I I I a a H 

· m r= ±I 2 s m r s m r · 
onepaTopa 

. 1 ~ 
.u3ocnuua T =--...., 

SJL ..j.Q 

Be'IHOe 6030HHOe .... + .. 
Ts /l -+ y2 [ bsJL b8 /l] 

[a . :-.a • ] 
1 

' MO)KHO nocTpOHTL Ko-
s Ill• · sm 11 ,. • 

npe)J;CTasneuue I II I . HanpBMep, · . ·+ . . .. 
r)J;e b s/l.' b s/l - onepaTopw 6o30":' 

HOB [b.~ ·,b +, ,]=o ,lJ ,.CnoMomLIO KaumiuqecKoro npe-
JL. s /l ss /l /l . . . 

. ' . + . 
o6pa3oBaHHJI 6o30HHLIX onepaTopos -h "ll '·· b 811 MO)KHO 

BLI)J;eJIHTL ICOJIJieKTHBIIYIO BeTBL B036y)I()J;eiiH.II, CBJ13aH~}'10 
C napHLIMH KOppeJI.IIU:H.IIMH H ·noCTpOHTL KoJineKTHBHLIHra

MHJILTOHHa~, OnHCLIBaiOmHii TaKHe B,036y)I()J;eHH.II. fiO)J;p06HO 

BCe 'BOnpOCLI, CB.II3aHHLie C nOCTpoeHHeM H H3y'IeHHeM 

CBOHCTB KOJIJieKTHBHOrO raMHJILTOHHaHa~. ·o6CY)I()J;aJIHCL B. 

pa6oTax/ 11 I . ·OTMeTHM TOJILKO, 'ITO B OTJIH<iHe oT · · RPA 
)J;aHHLIH MeTO)J; npHMeHHM npJi· n1060ii BeJIHl.fHHe napuoro 
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B3aHMO)J;eHCTBH.II G .H He3aBHCHMO OT TOro, CYIIleCTBeHHLI 

HnH HeCYIIleCTBeHHLI aurapMOHH'IeC~He 3clxPeKTLI. . 

Mo)J;enLHLie COCTO.IIHH.II TaKoro raMHnLTOHHaHa COOT

BeTCTB}'IOT .. OCHOBHLIM H "napHLIM" BOJ6y)I()J;eHHi.J:M 0 +-. 
COCTOJIHH.IIM JI)J;ep H HX 11306apuqeci<HM auanoraM /IO,J I/ •. 

B ]J;auuoii pa6oTe 6y)J;eT npoBe)J;eH pacqeT ·MaTpH'IHLIX .. " . 
3neMeHTOB OT onepaTOpOB r 2 H r ~ COOTBeTCTBeHHO 

npOTOHHOro H ueiiipouuoro KBl)J;pa TH'IHLIX paAHYCOB: . 

"2 

! ·~. 
rn 

1 I m (- N
8 

.- T 
0 

) , 
s s 2 s 

1 
I m s (- N s + T sO ) , 
s 2 . 

/2/ 

m s = <n€j I r 2 I n e j ·> ./MLI npeue6peraeM He)J;HaroHanL

HLIMH no n B e MaTpH'IHLIMB 3neMeHTaMH OT onepaTo

pa ;2 no OAHO'IaCTH'IHLIM cocTOJIHHJIM/. 

fiOCKOnLKY BCe KOHKpeTHLie pe3ynLTaTLI pacqeTOB 6y)J;yT 

npuBe]J;euw AJIR · a)J;ep c A - 56 , BLI6epeM 3a 6a3ucuoe a]J;po 
56 Ni . .Itanee nocTynaeM cneA}'IOmHM o6pa30M. MeTO)J;OM, 

H3nO)KeBHLIM B /II/·, CTpOHM BOnHOBLie liJyHKIJ;HB HHTepe

C}'IOin;HX HaC .II)J;ep, nepeXO)J;HM K 6030HHOMY npe)J;CTaBneHHIO 

)J;nJI onepaTopoB /2/ B ycpe)J;H.IIeM 3TH onepaTopw no no

cTpoeHHLIM BOnHOBLIM $yHKU:B.IIM. 

· PaccMoTpBM cuaqana cnyqaii, Kor)J;a npoToHi.l u ueiiT

poHLI HaXO)J;.IITCJI B He3aBHCBMLIX OCU:Bnn.IITOpiiLIX noTeH

U:BanLHLIX JIMaX. :3TO 03IIa'IaeT, 'ITO )J;06asneHBe HeHTpOHOB 

He MeH.IIeT napaMeTpOB npOTOHIIOH .IIMbiH nao6opoT. 

. t . . . . 
Tor)J;a rn s = --. (2 n + e + 3/2 ) B He3aBBCHMOCTL no

mw 

Teun:uanLHLIX JIM 6y)J;eT o3JiaqaTL, 'ITO uJ· lie 3aBHCHT OT A •. 
BLI.IICHBM, KaK Meii.IIIOTC.II 3ap.II)J;OBLie ·pa)J;uycw npu )J;o-

6asneHBB napLI HeHTpOHOB. JICHO, 'ITO H3¥eHeHBe 3apJI)J;O

BLIX CKP npu ]J;o6asneuuu~napi.I ueiiTpouoB o6a3aHo uaJIH'IBIO 

H30TOnBHBapBaHTIIOrO B3aBMO)J;eHCTBBJI. 
' 
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3. PB3YJibTAThl PACf/BTOB 

•• l_ 

B Ta6n. I npe.D;cTaaneHLI oTHomelius cpe.D;HeKBa.D;paTu'I
HLIX. 3apa.D;OBLIX pa.D;uycoa /CKP I npu HaJIH'IHH B3.auMo.D;e:ici~ 
BHJI u OTCYTCTBHH ero. BH.D;Ho, 'ITO 3TH BeJIH'IHH.hl· Ha 1-2~ 
oT.nil:'laiOTcn oT. e.D;HHH~LI. 3aMeTHo TaK:me ·yMeHLme:H:ile CKP 
npu 'IHCJie HeiiTpOHOB, paBHOM MaraiteCKOMy. TaKoe:yMeHJ.
meHHe,·. O.D;HaKo, cmmn(oM MaJio, 'IT06LI o6'bJICHHTL Ha6JIIO
.D;aeMLiii 3KcnepHMeHTaJibHbiH . 34xl!eKT' uanpuMep 'a Ca H Fe . 
. KOHCTaHTa napaoro. B3aHMO.D;eHCTBHJI 6Lma B.3JITa paBHOi 
0,5 M:JB c TeM, 'IT06LI aocnpoH3BecTH cneKTp napHLIX 
KOJIJieKTHBHbiX B036y>K.D;eHHH B paiioHe A - 56 /II~ ,lJ;JIJI H30· 
TOIIOB >KeJie3a B CK06KaX IIOKa-3aHO OTHOWeHHe pa.D;HyeOB 
.D;JIJI G =0,72 M3e. 

B Ta6n: 2 npaae,D;eHLI aHaJiorH'IIILie pe3yJILTaThl .D;JI.H 

HeiTpoHHLnt' cKP. · 
BLI1.fHeJieHBe 3Ha1.feHuii 

.. + 
pa.D;HyeOB B B036y:»<,QeHHWX 0 .. . . . 

eoeTOJIHHJIX SI.D;ep TaK>Ke yKa3biBaeT Ha poeT pa.D;nyea e 3Hep-
.. ,. ruei B03.6y:»<.D;eHHJI: Ha.D;o OTMeTHTL, 'ITO :JTOT :J¢4,leKT TaiOKe 

. O'leHb MaJI. HanpnMep, CKP B B036y:m,D;eHHOM ot- -eoeTo.ll-· 
HHii e -EX =10,1 M3e I T =21 B B.D;pe. '56 Ni 8eero ua 
0,05~ ·60JILme CKP B oeHOBHOM eoeTO.IIHHH H G =0,5 M36. 

4. OECY)[(,aBHHE PB3YJibTATOB 

llepei.D;eM K BLI'IHCHeHHIO eaMBX ~KP ~- OrM:eTRM, 'ITO 
3aBHeHMoeTL OT A MO>KeT npouexo.D;BT~ · KaK 3a e'leT B3Me
HeHBJI napaMeTpa pa3MepHoCTB .D;JIHHLI 1i. I m w , TaK H 3a 
e'leT H3MeHeHBJI B CJ'PYKType BOJIHOBLIX 41YHKJ.tBi. liTO Ka.":' 
eaeTeJI ·noene.D;Hero, _To B paMKax·. MeTo.D;a pa6oT/II/ Bee 
eocTOJIHHJI, o KOTopLix mna petiL, - :JTO B036ylK,AeHHJI ua.D; 
OeHOBHLIM eoeTOJIHJieM JI.D;pa · 56 .Ni . ,lJ;J:iJI pae'leTa BOJIHO• 
Bblx· 41YH.Knai Heo6xo.D;BMO Bb16paTL O.D;HO'Iae'TH'IH.ble :JHeprii:u 
B KOHeTaHTY napHoro B3aBMO.D;eiieTBHJI, 3TH napaMeTp.bl 
41aKeHpYJOTes .D;JIJI JI.D;P8; 56 Ni H oeTaiOTeJI ·HeH3MeHH.hlMH 
8 noene.D;YJO~Hx pae'leTax. TeM ue MeHee. eTpyKTypa ea:wux 
BOJIHOBLIX 41YHKnHi 6y.D;eT HeBBHO. 3aBHeeTb OT A . liT06.bl 
HenOJib30BaTb BOJIHOBbie 41YHKnHH, IIOJiy.qeHH.ble paHee /II~H 
He BLIXO.D;HTb 3a paMKH oenHJIJIJITOpHOH MO.D;eJIH, 3aMeTHM, 

6 

_ ... , 

(. 

I 

·.·.til "I 
''i, 

, .. 

P' 
i 

t

i. 
J 

1 
·l 

. [: 

I . 

I 

, .. 

,-~ --

H 

~ 
:s: 
=: 
"0 
ttl 

E-1 

.rJ 0 ...... ,, 
~-~ 
1\. 
r-Ia. 
~ 

" ' It) 
Cll 0 ,u 
... \b 
1\. 

NG.. 
~ 

" 

\0 
C"'! • 

"..:::t
.C'\ 

N 
('\ 

.,g 

"' 

co 
(\J· 

\0 
N 

..:::t' 
N 

',% 

I E-4 
Q) ~ 
t:::: CU.; 
~ :::&1 

..:::t' 
1!'\ 

8 
• 

H 

..:::t' ..:::t' H 
\0 1!'\ \0 
0 0 0 
0 0 0 

('\ 
H 
H 
0 
• H 

• 
H 
~ 
0 ('\ r:

\0 H 
0 0 
0 • 

• H 
H '-../ 

1!'\ 
\0 
0 
0. 
• 

H 

~ 

0\ 
t
H 
0 
• 

.H 
.'-J 

~ 

• • 
H.H 

..:::t' co 
1!'\ 1!'\ 
0 0 
0 0 
• • 

H 1-::-f 

·o 1!'\ 
1!'\ . 1!'\ 
o ·.o 
o ··o .... 
H H 

H 1!'\ •. ..:::t' \0 
H. 1!'\ \0 ..:::t' 
H 0 .1-F 0 
,0 0 0 0 

• •• • • • H H.H H 
'-../ 

~ 
C\1 H \0 
H \0 '. \0 
H 0 H 
0 0 0 
• • • 

H H H 
'-../ 

··-:,,. 

'\.6 
H 
H 
0 ...... 
H 

:::1" 
N ~- .. co 0 

·. N· ... 00 

F-1 
u 

Ql 
1%.4 

... 

~ ~.t':l 

.~· 

't;. 

--;,_ ~· 

7 

•1," 



8 

C\J 

~ 
Is: 
~ 
"0 
ttl 

E-1 

t.J 0 
......._ II 
.., ...!! 

I\ 
r-1~ 

s... 
v 
""-· 
N tt, I 
'QJ ..... '• \.?) 

" ,., ~. 
~ 

" 

1.:0 
("'\ 

.::::t" 
("'\ 

C\J 
("'\ 

0 
00 

co 
C\J 

\.0 
(\j 

.::::t" 
C\J 

~ 

I E-1 
<1> ::X:: 
t::: <1> 

cr:> ~ 

\.0 
I!"\ 
0 
0 
• 

H 

0 
I!"\ 
0 
0 
• 

H 

C\J 

~ 
0 
• 

H 

\.0 
H 
H 
0 
• 

H 

.::::t" 
C\J 

~ 

. \.0 
\.0 
0 
0 

0 

H 

.C\J 0 H 
\.0 I!"\ \..0 
0 H 0 
000 
• • • 

H H H 
'-..../ 
~ 

\.O.::::t"l!"\ 
1!"\.::::t"l!"\ 
OHO 
000 

• • • 
H H H 

'-..../ 
~ 

.::::t"C\JC\J 
1!"\.::::t"l!"\ 
OHO 
000 
• • • 

H H H 
'-..../ 
~ 

C00\.0 
.:;t.::::t".::::t" 
OHO 
000 
• • • 

H H H 
'-..../ . 

~ 

t-1 \.0 
\.0 \.0 
0 H 
0 0 
• • 

H H 
'-..../ 

\.0 co 
C\J C\J 

H 
\.0 

8 
• 

H 

co 
I!"\ 
0 
0 
• 

H 

in 
I!"\ 
0 
0 
• 

H 

0 
00 

J-1 . a) 
0 f":i 

ori ~ :z: I:'J 

< 

... 
,'.;;:_ 

. qyo ~XeMa ypOBHeii, HCUOHL:J~BaH~aJI B /I l<~ ~OBOHLHO xop~
WO:BOCUpOH3BO,nHTCJI ocuunn1l'TopHJ¥M noTeiiUHanoM o6wqHo.;. 
ro~BH,na /l 2/ . . . · 

' 

· · m w ·2 2 · · "'" · .a .._.. . .. 2 
. V = --· r + h m K (-: 2 f S - p £' ) +COOSt 2 . 

C no,no6paHHLIMH napaMeTpaMH K =0,068, p ,;0/N =0,1,2/, 
p ,;0,45 / N =3,4/, const = .-54,2 M36. 

.iJ;nJI 'laCTOTLI . . w B03LMCM HCCKOHLKO yyoqHeHHyiD r)opMy-
~/~3/ . 

-% -% 
h w = 45 A - 25 A M3e. · 

HTaK, . B ,naHHOH pa6oTe 
r)yHxuuu, nonyqeHHLie paHee, 
UOCTpOCHHWH OCUHHHJITOp. 

MLI HCUOHL3yeM BOJJHOBWe 
a .nn11 pacqeToB \ms -

Ha puc. 1 noiCa3aHLI pe3ynLTaTLI pacqeTOB ,nHJI U30TO
UOB Cr , Fe, Ni , Zn .. Bu.nlio, qTo yqey napHwx cun npu.: 
BO.nHY. x. yBenuqeHHIO . cpe,nHeKBa,npaTuqHoro npoToHiioro 
pa.nuyca. ,l(nJI U30TonoB Fe 8 xaqecTBe unmocTpauuu npu
Be,neHw. pe3yJJLT8TLI ,IlJJJI Tpex 3HaqeHHH napHOH ICOHCTaHTW 

G: 0; 0,5; 0,7 M3e. . . .:.:
2

. ~ 
. HY'J(HO OTMeTHTL, qTo HecMoTpJI Ha y:MeHi.meHue <rp •>z 

B6nu3u o MaruqecKBX queen N u· z , :noT :Jr)<lleKT Man. 
' B:rcmoqeuue napHLIX ciJI npaKTHqeCKH He MeHJieT HaiCJJOHa 

ICpUBLIX 2 ~ . . 
< r P ·> z . 

5. 3AK.n/()qEHHE 
'\ 

IIO,nBO,nJI UTOrH, MO)KHO CI<a3aTL, qyo XOTJl\yqey napHWX 
xoppemtnd icaqecTBeHHo npaBHnLHo oTpa)i(aeT xo.n 3apJI,no
Bwx CKP no H30TonaM /B qacTHOCTH, yMeHLWeHBe CKP npu 
no.n:iro.ne :K Mar'ifqecxuM qacnaM/, B xonaqecTB.elliloM.. oTiio
meHuu napHLie xoppeJJJIUHH npu pa3HLix 3uaqeHHJIX xoHcTaH
TLI cnapHB8HUJI He MoryT o6'i.JICHHTL 3TOT 3r)r}leiCT. 

ABTopi.r 6naro,napHLI coTpy,nHuxaM JITcl> OHJIH 3a o6:-. 
CY'J(,IlCHUe UOJJyqeHHLIX pe3ynLTaTOB. 

•·. 
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<r'>,FCexp 
Q G=.72 
1.[3 G:.S 3.BL·~G•.O 

J.7' ~ Jl 

r 1 I • 

J.B 

J.9 @ · exP 

~;·:.~ 
I I S6 60 52 

,ll 

56 64 60 

<r1 )~ F /exp < ,z-JizF 
' 

® G=.S 

~··-0. J.9 
J.7' -~ 

48 A 3.6 11 
60 6~ 68 

Cpe.l(HeKBa.l(paTH'IHLie 3apB.l(OBLie pa.l(Hycbl .IVIJI HlOTonoo 

Fe , Ni, Zn , Cr . 
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